182 single-lined hot subdwarf stars are identified by using spectra from the sixth and seventh data release (DR6 and DR7) of the Large Sky Area Multi-Object Fibre Spectroscopic Telescope (LAMOST) survey. We classified all the hot subdwarf stars using a canonical classification scheme, and got 89 sdB, 37 sdOB, 26 sdO, 24 He-sdOB, 3 He-sdO and 3 He-sdB stars, respectively. Among these stars, 108 hot subdwarfs are newly discovered, while 74 stars were reported by previous catalogs. The atmospheric parameters of these stars were obtained by fitting the hydrogen (H) and helium (He) lines with nonlocal thermodynamic equilibrium (non-LTE) model atmospheres. The atmospheric parameters confirm the two He sequences and the two subgroups of He-sdOB stars in our samples, which were found by previous studies in the T eff -log(nHe/nH) diagram. Our results demonstrate different origins of field hot subdwarf stars and extreme horizontal branch (EHB) stars in globular clusters (GCs), and provide strict observational limits on the formation and evolution models of the different sub-types of these evolved objects. Based on the results, we evaluated the completeness of the Geier et al. (2019) catalog. We found the fraction of hot subwarf stars is between 10% and 60%, depending on the brightness of the sample. A more accurate estimation for the hot subdwarf fraction can be obtained when similar results from composite spectra will become available.
INTRODUCTION
Hot subdwarf stars (i.e., sdO/B) are evolved low mass stars around at 0.5 M ⊙ . They show similar spectra to mainsequence (MS) stars of O/B type, but at lower luminosity and with broader spectral features. These hot stars occupy the extreme blue region of horizontal branch (HB) in the Hertzsprung-Russell (HR) diagram and burn He in their cores, therefore, they are also known as extreme horizontal branch (EHB) stars (Heber 1986) .
The formation and evolution of hot subdwarf stars are still not clear. To end up on the EHB, the progenitors of these hot stars have to lose nearly the whole envelope mass by the end of their red giant branch (RGB) stages. Therefore, binary evolution is thought to be the main formation mechanism for hot subdwarf stars (Han et al. 2002 (Han et al. , 2003 . On the observational side, about half of the hot subdwarfs are found in close binaries (Maxted et al. 2001; Napiwotzki et al. 2004; Copperwheat et al. 2011) , and their companions could be brown dwarfs, MS stars, white dwarfs (WDs), and even neutron stars or black holes (Kupfer et al. 2015; Kawka et al. 2015) . Studies on hot subdwarf stars therefore can shed light on the details of binary evolution processes, such as Roche lobe overflow (RLOF), common envelope (CE) ejection and the merger of two He WDs (Han et al. 2002 (Han et al. , 2003 Chen et al. 2013; Zhang & Jeffery 2012; Zhang et al. 2017; Vos et al. 2019) . Moreover, close hot subdwarf binaries with compact companions (e.g., WDs, neutron stars or black holes) are potential verification sources (Kupfer et al. 2018) for the future space based gravitational wave (GW) detectors, such as LISA (Amaro-Seoane et al. 2017) and TianQin (Luo et al. 2016a) . Close hot subdwarf + massive WD binaries are possible progenitor systems for type Ia supernovae, in which the hot subdwarf companion may survive the explosion as a hypervelocity remnant (Wang et al.2009; Vennes et al. 2017; Li et al. 2018; .
Pulsating sdO/B stars allow the accurate determination of mass and internal structure by using asteroseismic methods, which provide excellent tests for the formation and evolution models (Kawaler et al. 2010; Charpinet et al. 2011; Baran et al. 2012; Battich et al. 2018; Zong et al. 2018) . The diversity of atmospheres in hot subdwarf stars makes them good samples to study atomic diffusion processes (Moehler et al. 2014; Jeffery et al. 2017; Németh 2017; Byrne et al. 2018; Naslim et al. 2013 Naslim et al. , 2019 . In addition, hot subdwarf stars in Globular Clusters (GCs) provide useful information to understand the formation and evolution of the oldest populations in our galaxy (Lei et al. 2015 (Lei et al. , 2016 Latour et al. 2014 Latour et al. , 2018 . For recent reviews on these special stars see Heber (2009 Heber ( , 2016 .
Since Kilkenny et al. (1988) published the first catalog of 1225 spectroscopically identified hot subdwarf stars, the number of these special blue objects exploded with the data release of many spectroscopic surveys, such as the Hamburg Quasar Survey (HS, Hagen et al. 1995) , the Hamburg ESO survey (HE, Wisotzki et al. 1996) , the Edinburgh-Cape Survey (EC, Kilkenny et al. 1997) , the Byurakan surveys (FBS, SBS, Mickaelian et al. 2007 Mickaelian et al. , 2008 , the GALEX all sky survey (Vennes et al. 2011; Németh et al. 2012) , the Sloan Digital Sky Survey (SDSS, Geier et al. 2015; Kepler al. 2015 Kepler al. , 2016 and the LAMOST survey (Luo et al. 2016b (Luo et al. , 2019 Lei et al. 2018 , 2019a , b, Bu et al. 2017 .
By retrieving known hot subdwarfs and candidates from the literature and unpublished databases, Geier et al. (2017) compiled a hot subdwarf catalog with 5613 objects. This catalog provide many useful stellar information, such as multiband photometry, proper motions, classifications, atmospheric parameters, etc. The second data release of the Gaia mission (Gaia DR2, Gaia Collaboration et al. 2018) brought us excellent opportunities to discover new hot subdwarf stars, because it provides accurate positions, photometry, parallax and proper motions. With these information, one can easily compile a large sample of hot subdwarf candidates with high confidence in the HR-diagram. Using this method, Geier et al. (2019) compiled a list of 39800 hot subdwarf candidates selected from Gaia DR2, which is the largest collection ever published. This catalog can be used as a good input target list for follow-up spectroscopic analyses.
In this paper, we analyzed the single-lined spectra which were selected by cross-matching the catalog of Geier et al. (2019) with the latest data release of the LAMOST survey, i.e., DR6 and DR7. By employing non-Local Thermodynamic Equilibrium (non-LTE) model atmospheres, we obtained their atmospheric parameters (e.g., effective temperatures, surface gravity values and He abundance). We also found many composite spectra in the sample, and will report the analysis and results in a forthcoming paper. The structure of this paper is the following: In section 2, we introduced the hot subdwarf candidates catalog and the databases of LAMOST DR6 and DR7, and how the candidate spectra were selected. The method of spectral analysis and classification for hot subdwarf stars are described in section 3. We give our results in section 4. We finish the paper with a brief discussion and summary in section 5. 
The LAMOST DR6 and DR7 database
LAMOST is a Chinese national scientific research facility operated by the National Astronomical Observatories, Chinese Academy of Sciences. It has a specially designed Schmidt telescope with 4000 fibers in a field of view of 20 deg 2 in the sky (Cui et al. 2012; Zhao et al. 2006 Zhao et al. , 2012 . LAMOST finished its pilot survey in June 2012 and the firstsix-years regular survey in July 2018, respectively. The data from both surveys make up the sixth data release (DR6) of LAMOST, in which 9919106 spectra have been obtained in the optical band (e.g., 3690-9100Å) with a resolution of 1800 at 5500Å. LAMOST DR6 contains 8966416 stellar spectra, 172866 galaxy spectra, 60173 quasar spectra, and 719651 spectra of unknown objects, respectively. The data obtained in the pilot survey and the first-five-years regular survey (ended in July 2017) make up the LAMOST DR5 database. The LAMOST DR6 database contains the whole LAMOST DR5 database and new observational data from the sixth year survey (i.e., 889947 spectra, observed from September 2017 to July 2018).
The LAMOST seventh year survey also have been completed (e.g., from September 2018 to July 2019). The 558412 low resolution (e.g., λ/δλ = 1800) spectra observed during this period are released as LAMOST DR7 v0 database. Though the final version of the LAMOST DR7 database, which consists of the whole DR6 database and the new spectra observed during the seventh year survey, will be publicly available on March 2020, all the new spectra observed during this period are already included in the LAMOST DR7 v0 database. Geier et al.(2019) 
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catalogue with LAMOST DR6 and DR7
In our previous work, we have already identified 682 hot subdwarf stars by combining the Gaia DR2 database and the LAMOST DR5 database (Lei et al. 2018 (Lei et al. , 2019b , among which 241 stars were newly discovered. In this study, we analyzed hot subdwarf candidates selected from the LAMOST DR6 and DR7 v0 database. We selected the candidates by the following steps: First, we cross-matched the Geier et al (2019) catalogue with the LAMOST DR6 and DR7 v0 database separately, and obtained 2513 common objects in total. Then, we downloaded all the spectra of the common stars from the LAMOST website (www.lamost.org), and selected 1348 spectra with signal to noise ratio larger than 10 in the u band (SNR-u), which guaranties a sufficient quality for spectral analysis. After removing the spectra that have been analyzed in our previous studies (Lei et al. 2018 (Lei et al. , 2019a , composite spectra 1 , and duplicate sources, we finally got 607 spectra that are suitable for spectral analysis.
SPECTROSCOPY AND SPECTRAL CLASSIFICATION
As did in Lei et al. (2018 Lei et al. ( , 2019b , we employed the spectral analysis tool, XTgrid (Németh et al. 2012 (Németh et al. , 2014 to analyze the selected 607 spectra. XTgrid fits the observed data with synthetic spectra (Synspec version 49; Lanz et al 2007) calculated from non-LTE model atmospheres (Tlusty version 204; Hubeny & Lanz 2017) . The best fitting model is searched for iteratively with a successive approximation method along the steepest-gradient of the χ 2 field. Parameter uncertainties have been estimated by mapping the ∆χ 2 field until the 60 percent confidence level at the given number of free parameters was reached. For the detailed information to obtain the parameter error bars, the readers are suggested to see Fig 2 in Lei et al. (2019b) and the text therein.
The atmospheric parameters of all candidates, such as effective temperature (T eff ), surface gravity (log g) and He abundance (log(nHe/nH)), are obtained by the method described above. Some of the best-fit models for sdOB and sdO stars are shown in Fig 2. As did in our previous studies (Lei et al. 2018 (Lei et al. , 2019b , we identified stars with T eff hotter than 20000 K and log g larger than 5.0 cm s −2 as hot subdwarf stars. On the other hand, the stars with T eff lower than 20000 K or log g lower than 5.0 cm s −2 are considered as BHB stars or B type Main-sequence (B-MS) stars, while for a few stars with very high T eff and log g (e.g., T eff > 80000 K and log g > 7 cm s −2 ), we classified them as white dwarf stars (WDs). We focus only on hot subdwarf stars in the rest of this paper.
We used the spectral classification scheme of Moehler et al. (1990) stars cataloged by Geier et al. (2017) , we found 74 common objects. That means we have found 108 new, previously uncatalogued hot subdwarf stars and obtained their atmospheric parameters by detailed spectral analysis for the first time. Table 1 gives the parameters and information for the 182 hot subdwarf stars with single-lined spectra. Columns 1-4 give the right ascension (RA), declination (DEC), LAMOST obsid, and Gaia source id. Columns 5-7 give the atmospheric parameters fitted by XTgrid, e.g., T eff , log g and log(nHe/nH), while columns 8-10 give the SNR in the u band, the apparent Gaia G band magnitudes and spectral classification. The 74 stars common with the hot subdwarf catalog of Geier et al. (2017) are marked by * . Fig 3 shows the parameter diagrams for the 182 single-lined hot subdwarf stars. In panel a, the majority of sdB stars (black circles) are in a region that is well defined by the ZAHB and TAHB (e.g., centered at T eff = 28000 K and log g = 5.5 cm s −2 ), which demonstrates that these stars are undergoing helium burning in their cores. On the other hand, sdOB stars (blue up triangles) which cluster around at T eff = 34000 K and log g = 5.8 cm s −2 , present higher effective temperatures and log g than sdB stars. SdO stars (green squares) and He-sdO stars (aqua left triangles) present the highest effective temperatures in our sample, e.g., most of them have T eff > 40000 K, but with a wide range of log g. He-sdOB stars (red diamonds) cluster around at T eff = 45000 K and log g = 5.6 cm s −2 . The 2 He-sdB stars (magenta Table 1 . Information on the 182 hot subdwarf stars identified in this study. From left to right, we list the right ascension (RA), declination (DEC), LAMOST obsid, and Gaia source id. Then the T eff , log g and log(nHe/nH) are listed from the XTgrid fits. Next, the SNR in the u band, the apparent magnitudes in the Gaia G band and the spectral classifications are listed, respectively. b ">" denotes an upper limit of log(nHe/nH) for the object. Fig 3 shows the T eff -log(nHe/nH) diagram for our hot subdwarf sample. Two distinct helium sequences, e.g., a He-rich sequence (fitted by dotted line) and a He-weak sequence (fitted by dot-dashed line), which were discovered by Edelmann et al. (2003) and confirmed by later studies (Németh et al. 2012; Geier et al. 2013; Luo et al. 2016b; Lei et al. 2018 Lei et al. , 2019b , are clearly present in this panel. As found by Lei et al. (2019b) , the He-rich sequence consists of sdB, sdOB, He-sdOB and He-sdB stars, while the He-weak sequence consists purely of sdO stars. Furthermore, the 3 He-sdO stars (aqua left triangles) identified in this study are located between the two He sequences. However, the physical mechanism responsible for the two He sequences of hot subdwarf stars is still unclear, and additional scenarios are needed.
In panel b, one also can find a gap (e.g., T eff = 40000 K and log(nHe/nH) = 0.0) in He-sdOB stars (red diamonds), which splits the He-sdOB stars into two subgroups, e.g., a subgroup with higher He abundances and temperatures, and the other subgroup with lower He abundance and temperatures. With larger size of He-sdOB stars, this gap is more clearly present in panel b of Fig 4 in Lei et al. (2019b) . As discussed in Lei et al. (2019b) , the gap also appears in the EHB stars of GC ω Cen, but the star fraction of the two subgroups between field hot subdwarf stars and ω Cen EHB stars are very different. Moreover, 3 He-sdB stars are found in this study, which present the highest He abundances (e.g., log(nHe/nH) > 2.0) in our sample. However, the most He-rich stars are completely missing from the EHB stars of ω Cen (see Fig 6 in Lei et al. 2019b and the text therein for detailed discussion). All these results point towards a different formation of field hot subdwarf stars and GC EHB stars, and provide a strict observational limit on the evolution models for the two types of objects.
As described above, we have 74 stars in common with the hot subdwarf catalog of Geier et al. (2017) , therefore, we compared the parameters of the stars obtained in this study and the parameters reported in the catalog of Geier et al.(2017) as long as their atmospheric parameters are available. Fig 4 presents the results from this comparison. Horizontal coordinates denote the parameter values obtained in this study, while vertical coordinates represent the values from Geier et al. (2017) . As we see in Fig 4 , the values of T eff (e.g., left panel) and log(nHe/nH) (e.g., right panel) obtained in this study are well consistent with the ones reported in Geier et al. (2017) . Although the comparison of log g (middle panel) shows a little larger dispersion than the other two parameters (e.g., T eff and log(nHe/nH)), the values are still comparable when the large systematic errors that affect log g are considered. One source of these errors stem from the different implementations of Stark broadening tables in various model atmosphere codes. Another source is the variable observational data quality at the Balmer-jump, that constrains log g. With these in mind the comparison results demonstrate a reliable spectral analysis of this study.
DISCUSSION AND SUMMARY
We selected 607 hot subdwarf candidates by cross-matching the catalog of Geier et al. (2019) with the LAMOST DR6 and DR7 spectral database, and identified 182 hot subdwarf stars, among which 108 stars are newly discovered. Together with the 682 hot subdwarf stars identified by Lei et al. (2018 Lei et al. ( , 2019b , we found 864 hot subdwarfs in the LAMOST spectral database, and 349 of them are new discoveries.
The hot subdwarf candidates in Lei et al. (2018 Lei et al. ( , 2019b were selected visually in the Gaia DR2 HR-diagram, which means a little different selection filter from the one used by Geier et al. (2019, see section 3 in their study). Therefore, we cross-matched all the 864 hot subdwarf sars identified in our series of studies with the Geier et al. (2019) catalog, and found 833 common stars. This result demonstrate that nearly all the hot subdwarf stars identified in Lei et al. (2018 Lei et al. ( , 2019b are included in Geier et al. (2019) catalog. As described in section 2.3, 2513 candidates from the catalog of Geier et al. (2019) have LAMOST spectra, of which 1348 have SNR-u larger than 10, and 833 of them were spectroscopically identified as hot subdwarf stars. Based on these results, one can roughly estimate the fraction of hot subdwarf stars in the catalog of Geier et al. (2019) . Fig 5 shows the distributions of selected hot subdwarf candidates (left) and the fraction of confirmed hot subdwarfs (right) with respect to Gaia G band magnitude. As showed in the left panel, for the brighter sample (e.g., 9 < Gaia G mag < 13, that usually represents higher SNR), the candidates with SNR-u larger than 10 (blue-dashed histogram) have nearly the same size as the whole sample (red-solid histogram), which means a good completeness of the bright end of the catalog. However, only part of these stars were identified as hot subdwarf stars (green-dotted histogram). This result also can be seen clearly in the right panel. The fraction of candidates with SNR-u larger than 10 in the whole sample (grey-dashed curve) decreases from 100% to 80% within this magnitude range, and the fraction of hot subdwarf stars among the candidates with SNR-u larger than 10 (blue-dotted curve) is nearly the same as in the whole sample (red-solid curve), e.g., roughly between 10% and 40%. These results demonstrate that hot subdwarf fraction of the candidates in Geier et al. (2019) for brighter stars (e.g., 9 < Gaia G mag < 13) is roughly from 10% to 40%, and increasing gradually with the magnitude. It can be understood that there are more O/B type MS stars, rather than hot subdwarf stars, in the brighter part of the catalog of Geier et al. (2019) catalog. Thus, the brighter of the sample, much lower fraction of hot subdwarf stars it contains. Composite spectra were removed from our sample, if included and they would turn out to be real hot subdwarfs, this fraction could be a little higher.
With fainter samples (e.g., 13 < Gaia G mag < 16), the SNR-u of the spectra become lower. Therefore, many candidates do not enter into our sample due to low SNR, and the completeness of the sample becomes worse. The fraction of candidates with SNR-u larger than 10 among all candidates drops gradually from 80% to 60% as the magnitude increases from 13 to 16 mag (see grey-dashed curve in the right panel). In this magnitude range, we got a hot subdwarf fraction in the whole sample (red-solid curve in the right panel) going from 40% to 60%. Considering 
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Fraction of hot subdwarfs among all candidates Fraction of hot subdwarfs among candidates with SNR-u larger than 10 Fraction of candidates with SNR-u larger than 10 among all candidates Figure 5 . The distributions of hot subdwarf candidates (left) and confirmed hot subdwarf fraction (right) with respect to Gaia G magnitude. Left panel: red-solid histogram presents the distribution of 2513 candidates with a bin size of 0.25 mag, blue-dashed histogram denotes the distribution of 1348 candidates with SNR-u larger than 10, while green-dotted histogram represents the distribution of 833 hot subdwarf stars spectroscopically identified among the 2513 candidates with LAMOST spectra. Right panel: red-solid curve is the hot subdwarf fraction among 2513 candidate stars, and blue-dotted curve is the hot subdwarf fraction in 1348 candidates with SNR-u larger than 10, while grey-dashed curve presents the fraction of candidates with SNR-u larger than 10 among the 2513 candidates.
that some real hot subdwarf stars were removed from our sample due to low SNR-u or composite feature, the hot subdwarf fraction could be higher in this magnitude range. At the faint end of the sample, above 16 mag, the number of candidates with SNR-u larger than 10 drops quickly. Therefore, the candidates we analyzed in this magnitude range become extremely incomplete, and the hot subdwarf fraction obtained from these candidates is meaningless. One can expect more WDs rather than hot subdwarfs among the fainter candidates. A more accurate estimation of the fraction of hot subdwarf stars in the catalog of Geier et al. (2019) can be obtained when the results from analysis of composite spectra will be available.
The results obtained in this study reflect the high efficiency of the method to search for hot subdwarf stars by combining Gaia DR2 data with LAMOST spectra. We obtained reliable atmospheric parameters for all the hot subdwarf candidates using detailed spectral analysis with non-LTE model atmospheres. The atmospheric parameters are consistent with the ones from literature and the hot subdwarf catalog of Geier et al. (2017) . We also estimated the hot subdwarf fraction in the catalog of Geier et al. (2019) based on the candidates we have analyzed. We found that the bright part (9 mag < Gaia G < 13 mag) of the catalog is nearly complete, but has many false-positive candidates (over 60%, mosttly B-type stars). In the 13 < Gaia G < 16 magnitude range the hot subdwarf fraction goes from 40% to 60%. The completeness of the catalog degrades quickly above G = 16 mag. Furthermore, we selected about 150 hot subdwarf candidates with composite spectra in LAMOST DR6 and DR7. The results from their spectral analysis will be reported in a forthcoming paper. Since all spectra are observed with the same equipment and analyzed with the same method, we believe that the LAMOST hot subdwarf sample will make important contributions to study the formation and evolution of these special blue objects.
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